The electron cloud is a possible heat source in the superconducting undulator (SCU) designed for the Advanced Photon Source (APS), a 7-GeV electron synchrotron radiation source at Argonne National Laboratory. In electron cloud generation extensive research has been done, and is continuing, to understand the secondary electron component. However, little work has been done to understand the parameters of photoemission in the accelerator environment. To better understand the primary electron generation in the APS; a beamline at the Australian Light Source synchrotron was used to characterize two samples of the Al APS vacuum chamber. The total photoelectron yield and the photoemission spectra were measured. Four parameters were varied: surface roughness, sample temperature, incident photon energy, and incident photon angle, with their results presented here.
INTRODUCTION
The upgrade of APS calls for the production of a higher energy, higher-brightness photon beam [1] . To achieve this goal a new superconducting undulator (SCU) has been designed at APS. This will be an out-of-vacuum undulator with a period of 1.8 cm. The chamber in the SCU cryostat will be thermally isolated from the superconducting coils and kept at 20K, the chamber cooling will be provided by two cryocoolers producing 40 W of cooling power.
Studies performed on the in-vacuum superconducting undulator at ANKA, an electron synchrotron, confirm that their unexpected heat load is from electron cloud multipacting [2] . However, work is still being done to find what mechanism is responsible for electron cloud multipacting, which is not reproduced in electron cloud simulation codes for electron machines.
SIMULATIONS
The range of photon angle and energy chosen for the measurement was based on simulations using synrad3d [3] , in which a specular scattering model was assumed. The peak flux of absorbed photons was at 0.6 degrees grazing angle, as shown in Figure 1 . Although the critical energy from an APS bending magnet is 19 KeV the flux of photons absorbed on the chamber walls of the SCU is peaked at low * Work supported by U.S. Department of Energy, Office of Science, Office of Basic Energy Sciences, Under Contract No. DE-AC02-06CH11357. Measurements taken on the Soft X-Ray Beamline at the Australian Synchrotron † lboon@purdue.edu energies, as shown in Figure 2 . Due to physical limitations of the beamline the smallest grazing angle measurable was 3 degrees. 
MEASUREMENT DESCRIPTION
The Australian Synchrotron's Soft X-ray beam line was used to measure the quantum efficiency of actual beam chamber samples. Data were acquired at grazing angles of 3, 5, 10, and 50 degrees in photon energy scans from 100 eV to 2000 eV in 0.5 eV steps at varying temperatures from 300K to 180K.
Two samples were measured. Both are sections of the extruded Al APS beam chamber, a rough or unpolished sample of the SCU Al chamber and a smooth or polished sample. The smooth sample, the top sample in Figure 3 , was polished using an abrasive flow process [4] . The rough sample, the bottom sample in Figure 3 , was measured "as received." The surface roughness of the samples was measured and is presented in Table 1 . The samples were cleaned in an ultrasonic, acetone bath for ten minutes before the measurements were taken. 
ANALYSIS
At the beamline two different sample drain currents were measured. To calibrate the total photon flux on the sample, the drain current from the Si diode at the back of the sample chamber was measured for all photon energies. Using the data for the Si diode given by the manufacturer [5] , the photon flux at each energy can be calculated. Equation 1 was used to calculate the total photon flux incident on the Si diode.
I Si is the drain current measured from the Si diode, 3.65 eV is the average energy for an electron-hole pair creation in silicon, E photon is the energy of the incident photon beam and F (E γ ) is the transmission coefficient [6] . With the sample in place all photons that would have been incident on the diode are now incident on the sample, therefore the flux on the sample is also given by equation 1. The drain current from the sample was also measured. Using equation 2, the number of electrons produced can be calculated.
I Al is the drain current measured from the aluminum sample, and q e is the charge of an electron. The quantum efficiency is the ratio of number of electrons emitted to number of incident photons, as seen in equation 3.
Equation 3 was used to calculate the quantum efficiency for Figure 4 . All results were normalized to the storage ring beam current.
RESULTS
The quantum efficiency as a function of energy was found to be strongly dependent on the energy of the incident photon beam. As an example, the quantum efficiency of the Al chamber with a photon beam at a grazing angle of 5 degrees is shown in Figure 4 for both samples. There is an increase in the quantum efficiency for photon beam energies equal to the K and L edges of the materials. Although the substrate does not contain any oxygen and carbon both are measured on the surface. The oxygen and carbon are part of the aluminum oxide layer, typically 4-5 nm [7] , that forms on aluminum from exposure to the air. The quantum efficiencies measured with low grazing angles 3-5 degrees indicated a stronger dependence on the surface chemistry, while the quantum efficiencies at larger angles, around 50 degrees, were more dependent on the substrate. The average quantum efficiency was calculated for each angle and sample and then fit to a Lorentzian, see Figure 5 . Similarly the peak QE was found at each angle then fit to a Lorentzian, see Figure 6 . From Figures 5 and 6 it is seen that the smoother sample had a higher quantum efficiency than the rough sample. The difference is greater for smaller grazing angles and reduces as the photon grazing angle approaches 50 degrees. The angle dependance of the quantum efficiency is related to the penetration depth of photons. For all grazing angles the photons travel the same distance through the material; however, the photons are absorbed closer to the surface when the grazing angle is low. The escape probability of the photoelectrons is thereby increased, which increases the quantum efficiency.
To use this data to update current electron cloud generation codes, the quantum efficiency for angles less than the measured three degrees would need to be interpolated from the data. Figures 5 and 6 show a good fit with a Lorentzian for photon grazing angles between 3 and 50 degrees, and the quantum efficiency for less than three degrees would be interpolated from the fit. The energy dependance of the quantum efficiency at photon grazing angles smaller than three degrees can also be determined. Knowing that the surface chemistry will dominate, a higher quantum efficiency would be assumed for photons with energies equal to the K and L edges of carbon and oxygen. For the results shown in Figures 5 and 6 the temperatures of the samples was assumed to be constant. This assumption is based on a comparison of the quantum efficiency at the same angle and different temperatures (300K and 180K). The quantum efficiency over all energies did not vary more than 15%. For the superconducting undulator the chamber will be held at 20K, which will require more studies to determine if there will be a difference in quantum efficiency at the lower temperatures.
CONCLUSIONS
The quantum efficiency was measured for the aluminum chamber that will be installed at APS for the SCU. The quantum efficiency was seen to be strongly dependent on the surface roughness and grazing angle of the photon beam. This study shows the actual quantum efficiency is more complex then a single value that is currently being used in electron cloud codes. More work must still be done to understand the impact of these results on the SCU.
